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This thesis examines the us@2@ of Microcomputer 
technology in tactical avionics systems and its impact 
on the procurement process of associated nardware and 
Sottware. The rapid expansion of tlmpléementatio 
large scale integrated circuits in avionics systems 
aboard tactical military aircratt and aissile systems 
has resulted in some serious potential prceplems in the 
areas of development, maintenance and acquisition of 
Microprocessor-pased Systens and sortware. These 
problems are identified and discussed and crovosed 
recommendations are made to lessen thelr undesira 


long-range effects. 
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Bee ORE OSE 


The ar atia ple advancements ale Semiconductor ewes! 
Mine ehn Cll, Tecunglogy —idavew gage “lt ditiicuit, if nox 


impossibie, roe managers of Major avionics s 


hat 
tf) 


i 
procurement programs to remain technically abreast of their 


Sonchaccone’ -cCOuUnter parts. ALewOowes a Lien une@erstanding sor 
What is transpiring nls ot the avionics industry 
technologically, government representatives as well as 
industrial leaders will be unprepared to deal with the 
growth of the SleCCtronics ~ cCapabilitics. Miciabiceae eon raije}abye 


expansion of technology, presents a serious frobdlian to tne 
long-range flanning of future avionics systems pecausée of 
the widening gap in Kncwledge between buyer and preducear 
resulting from the rapid growth of the tecanological hbase 
PeSelL . 


The gcals of this thesis are to: 


1. Increase the awareness cf the reader in the area of 


Current and future trends in avionics design. 


Penal yze. the sitects of Micrecircuit technology on tne 
acquisition of tactical avionics systems and associated 


sottware. 


3. Present alternatives to th2 present concepts of 
avionics systems development, design and procuremeat 


processés. 





E. ORGANIZATION OF THE THESIS 


This thesis assumes that the reader is net familiar wita 
MUGEOQUEOGESSOr ESerminelogy, Of avionicsS agpolications of 
large scale integrated circuitry. First, we will present 
background material on the evolution of the microprocessor, 
1ts place amcng computers, and its use aS a substitute for 
me-dueaqced  Clectronic CiTeCuLEry. Second, we will discuss 
trends in the design of tactical aircral=t avionics systea 
and the relationship of present and future designs to the 
MMe eOprOcessce, The Eoregoing topics will serve as a cr 


for tne remainder of the thesis, and aay De Ski 


oO WU 
oO 


skim-read by the reader who is familiar with micropr Ss 
BOOP recattOnS Lh “avionics systems. Taird, we will discuss 
mye. eErtec us which “the “LSI (Largs Scaie fA ceo rat20n) 
Revolution" nas had, and 1s expected tc have on the 
procurement cf modern avionics svstems. Within this ‘topic, 
we will attampt to identify cotential pitfalls of current 
cencepts in avionics system désign. Pitaliy; Wer will 
discuss alternatives for dealing with the problems which 


arise because of the radical changes in technology. 


Every effort has been made *0 maintain brevity, yet 
accurately convey the intended message in an understandabie 


form avoiding, where possible, the newly created acronyms. 





This section is intended for th? reader who is not 
Tamiliac with the world of microprocessors, inteacrated 
SreGult Cechnology, of computer language structures. Pus 
purpose is to introduce the microprocesscr, some cf tne 
associated terminology, and project trends in computational 
nardwar2 and programming tianguage d¢velcfnent. Readers 
already Knowledgaple in these areas may prerer to oroceéed to 
mae Wexe SeCtion which deals with tactical aadrbornae computer 


Systems. This section serves only as a Drier introduction, 


however, xref. 1 provides an excellent in-depth Gescription 


= Microclectronics principles and applicaticnas. 


fee ENT ECGRAT ED CIRCUITS 


Integrated circuits (IC) have been ifr common usage 
throughout the electronics industry Since the early 
nineteen-sixties. in 1tS Sinplest tonm the IC 1s nothiag 


n 
more than a collection of one or more transistors, resistors 
and capacitcrs formed on a plane of semiconductor material. 
It 1s generally designed to perform a specific function 
Hering |Sio4ther digital or analog principles. Typically, 
Mit feeder rcits armel tin themselves very small, about one 
Square millimeter or less in area, and are generally 
packaged in what is termed a Dual Inline Package or DIP. 
Most military applications utilize what is Known as a £12 
pack which is uSuaily square with pins f 
mounting protruding from the four sides of the package 


Flat packs have a much lower prorile than the -DIF and 
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isso reotcm Lesilt In Greater circuit board chip density. 
Figure 1 is a photograph of an actual LSI radon access 
Memory array magnified several hundred times. Figure z 
shows a typical DIP and an equivalent flat pack. This 
packaging Serves €0 protect the enclosed mnicrocircuit £502 
dust, humidity, physical damage from impact, while it 
provides a méans of connecting the device to outside circuit 
elements. The encasement alsc provides a anedium ZOOL 
dissipating the heat generated by tne internal circuit 


Hcaing nernal operacion. 
There are tnaree generally recognized levels of 
PMieeg@aderton 1 M1eGrOCclrIcuLt Construction: 


foo mate Scale Mhtegration (SS1) == These circults usually 


pertorm simple logical tasks, such as indevoendent 


poolean operations. Soi CrLGui =. packages eypicali, 
COnSist Of from. 1 €O 64 transistor and resistor 
components. 

2. Medium Scale [Integration (MSI) -- These Ca aout es 
perrtornm GOmplex Widigical §logic Operations such as 
Covuciug,) Multinlexing, cehceoding or decoding. MST 


packages usually contain from 65 tc 1024 circuit 


elements. 


Semeeieiag co scale —Tntegration {L51)" -="Tfaese Ccincules ccnhtain 
up to 250,000 components and perform extremely ccaplex 
operations or simply allow for large amounts of data 
Seoradcer in thip=filops. Microprocessors fall into this 
SseaOny Of MILCrOSLECtrOnIC Circuits, -as do large 
memory arrays. In physical size, however, LSI circuits 
are typically less than 20 square millimeters in area 


and are usually packaged in DIPs having 16 to 40 fins. 


The growth of circuit complexity has been exponential 


Mmemeenune discovery Of the integrated circuit. eu sige (bb ek— amare: 


if 





iPeiiimeretes —tils Gbhowth Since the production of the first IC 
on 1959. The number of components in microelectronic 
circuits has doubled every year over the last 19 years and 
the trend can be expected to continue. AS integrated 
miroir COGDHULOGY IMprOveS  CONnstruction techniques, 2:2 
density of circuit elements on a single chip continues to 
improve. Also, as -manufacturing methods continue to 
improve, the yield, or percentage of good circuits per 
producticn run, increases. For several years now, circuit 
design nas deen computer assisted, wafer manufacturing nas 
bean computer controlled and production has becone less 
difficult. Most manuracturers have experienced a 20 to 30 
Petcenem COst Teduwetion for every doubling of oroduction 
output due tc corporate learning. EAGimemes Geeters “tae 
TiGEOeLeectrEOnincs ~industry “learning curve," which again 


exhibits an exponential behavior. 


Bits of memory per integrated circuit package have 
become accepted aS a measure of IC complexity or size. 
Tous, price per bit 1S useful in evaluating the cost 
effectiveness of a microcircuit where memory is considered. 
Pigducem=ms §ShOwS “cone Current trénd in LSI memory circuit 


SCOSES. 
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Figure 1- LSI EXAMPLE (Reprinted by permission of [Intel 
Soup Orayeommeopyrignt 19/77) 
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B. PROGRAMMED LOGIC 


Before the advent of the microprocessor, the major 
sxpemse 1MCULEed in the deéveiopmnent Of a certain functicnal 
emercult Was in the design of the logic required to perfora 
the task. TicmeDuUMe dina. BBIOecKS “Of (dai tal ciresy 
Formed rrom discrete small-scala integrated circuits and 
some medium scale integrated packages. In manv c 


as 
anormous amount or circuitry was reguired to perfcrm a 
Gelatively simple logical task. Circuit size is ge 
measured in square inches of circuit board (real 

Mumber of IC packages required, or tne pin ccunt o 


printed circuit poard. 


One of the most Signa wi Lean c CCntr outvons of 
[WReLrODEOCessOr  tecnnology iaas been the  inescducticn of 
programmed logic as an alternative to complex circuit design 
uSing descrete small scale integrated CiLyeiice Ss: By 
designing with microprocessors, great flexibility may be 
designed inte a functional circuit. As anodifications to the 
design beccme necessary for correctional reasons or simply 
to enhance performance of a circult, a change to the progran 
Will usually suffice. In the descret¢e design, however, a 
POE MNOdM carton Of CLECUIE EUNnCTLOn generally  reciired 
extensive redesign of the circuit and ccmpiete refabrication 
of the printed circuit board. This was an extremely 
expensive factor once the circuit had reached production 


level. 


The use c£ microprocessors and tne concept of programmed 
logic have contributed to the advancement of electronics on 
a scale comparable to that resulting trom the development of 


the basic transistor. One basic circuit design employing a 
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Microprocesscr now serves in a seemingly 2ndl2ss variety of 
functions, differing only in the DE carat, and tae 
ime OUGDUtIMeeb race Ciarcuatry. rigure 6 allistrates this 


eenecept. 
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C. COMPUTATIONAL FOWES 


Modern computing machines fall DEO) three ZaAJOL 
categories Gepending on several G25 2 qu 25a ng 
characteristics. These are: computers oe bite scales), 
Minicomputers, and the newest LOr mu. microcomputers. 
SlasSificaticn of a COmputing machine is ganéerally based on 
feos length of th] werd and instruction cycle time. It is 
jmyPacal tO consider such perrormance carametsers as 


instruction variety, memory size, aritnametic architectures, 
Instruction execution speed, or even physical size and 
system complexity when categorizing a ccenputing nachine. 
The standard method of categorizing by word length, nowever, 
is illustrated in the following Wadely > Eecognizea 


@lassificaticns: 
MeLCOU EME er —- 32 Of MOLDS D01tS per word 
Zoe enhicOomputer = 16°40 32 bits per word 


Belle rocomputer = 4 £6 16 bits per word 


In general, a2 Minicomputer iS approximately 4 to 10 
times as rast aS @ Microcomputer in performing an identical 
computational task, while the computer is 5 to 10 times as 
rast as the minicomputer. When considering computational 
efficiency, it 1S common tc ccmpare relative speed for 
accomplishing ‘a given task as just illustrated. [It is 
important to note, however, that for some apovlications, 
Digger and faster are not always better. Dedicated machine 
control is a good example of where tnis Bight be true. 
Often, a mechanical system under control of a corputer 
cannot pcssikly respond to instructions as quickly as tne 


computer is capable of issuing them. The computer therefore 
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ADoiGoeMUGie Gt tts time Im idle doops waiting for tae 
machine. A slow low-ccst processor 1S better suiced te this 
type of application. Figure 7 graphically illustrates tae 
relative performance, cost, and runctional apolication of 


the various classifications of computing machines. 
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Pee res CCOME UTTER” ARCHITECTURE 


Mainframe computers, minicomputers, and microcomputers 
all have certain functional components in common with esach 


other. These compcnents are shown as blocks in Fig. 3. 


Midtmrort On Of=monory allogaeed 2c fae) Ssto 
instructions to be exécuted by the Arithmetic Logic J 
called prcegram memory. This memory area may 0dDe O 
Fandom access memory (RAM), or it may Fe composed of 
non-volatile, programmable raad-only memory (8ROM). ie Ges 
even possible for the program memory to consist of Soth RAM 
and PROM , in which case, some of the program modules will 


be transient while others will be permanently resident. 


Tae Vel ning and control logi¢ daincains control cyver 
the program counter which points to the location in prograa 
Memory where the next program instruction is to be found. 


After completion of an instruction or instruction GIOUF, <ne 
program counter will normally be incremented to the next 
succeeding memory address. In the event of a jump or call 
instruction, however, the program counter will be forced to 


the destination of the jump. 
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Th2 ALU fetches an instruction from the vorogran 
memocy such as an add, subtract, jump or any one oft sany 
possible simple instructions. It then performs tne Functioa 
as specified by the instruction and proceeds to fetch and 
Penrorm the hext instruction. The BLU contains most ct the 
Some bexe ClrCcultry f£LOUAd In any cComouter, .and <tiaditic 


has been a high-cost compone2nt of a computer. 


Tata memory, commonly cailed random access memory 
A 


(RAM), 1s used on an as needed basis Dy tons ALU as temporary 


WOrk Sface to store intermediate results while performing a 





BeQOgrzam Sequence. Tt iusualiy exhibits very rast access 
time, On the order of 20 to 500 nanoseconds. 
5. JapursOutpat {1/0) Interface 
The input/output interface provides connection 


between the computer and the various peripneral devices 
Which make it useful. Such dévices as iine printers, tape 
drives, disk drives, solenoid controls, analog converters, 
SWitches, plotters, cathode ray tube (CRT) displays, or any 
conceivacle electromechanical davice must be nade 
skectricall y compatible tO tne computer through tne 


miterface Circuitry. 
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Po OUNGo ose CO uP UL ERS 


Currently, several microelectronics manufacturing firas 
acre producing so-called sSingle-chip microrrocessors which 


SOntain all-ci the arorenentloned Lunctional alemente in one 
el 


LSI package. One such device is tne Intel 8748 shown n 
mig. 9. Mme OevlLce = ts (‘typically priced in the “0 <6 50 
dollar rangé, with derivatives of the samé crocessor criced 
as low as 3 dollars in large guantitiés. Given cae 


appropriate? program, the microcomputer can cerforn all tne 


functions of a Mainframe computer act a much reduced spéad, 


Si colusse, DUt at a <femendously reduced cost. Cueshe 
trends are to pack more power into the single-chip 
Microprocessor by increasing the internal memory siza, 
mipEeving Speed and increasing I70 Elexinility. As the 


Single-chip ticrocomputers increase 1n internal prograr and 
data memory size, they become sutificiently powertul to 
perform any of the avionics functions. Thus, a colléction 
of such devices could form a computational system squivalsat 
to the present minicomputer. Judging from the recent rate 
Peapeguotgen Cl §“SiRGLe—-Chip -COMEULTSE ‘capabilities, it. is 
anticipated that this prospect will beccmé practicable 


within just a few years. 
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8048/8748/8035 
SINGLE COMPONENT 8-8!IT MICROCOMPUTER 


*8048 Mask Programmable ROM 
*8748 User Programmable/Erasable EPROM 
*8035 External ROM or EPROM 


mw 8-Bit CPU, ROM, RAM, t/O in : mw 1K x 8 ROM/EPROM 
Single Package 64 x 8 RAM 

mw Interchangeable ROM and EPROM 27 1/0 Lines 
Versions a Interval Timer/Event Counter 
Single 5V Supply ™ Easily Expandabie Memory and !/O 
2.5 usec and 5.0 usec Cycle Versions m@ Compatible with MCS-80™ Peripherais 
All instructions 1 or 2 Cyctes. ™ Single Level Interrupt 


w@ Over 90 Instructions: 70% Single Byte 


The Intel® 8048/8748/80335 is a totally self-sufficient 8-oit parallel comouter faoricated on asing!e silicon chip using Intel's 
N-cnannel silicon gate MOS process. 


The 8048 contains a 1K x 8orogram memory, as64 x 8RAM data memory, 27 1/O lines,and an 8-oit timer/counter 'n addition 
to on board oscillator and clock circuits. For systems tnat require extra caoaoility, the 3048 can be expanded using 
standard memories and MCS-80™ (8080A) oeripnerais. Tne 3035 1s tne equivaient of an 3048 without orogram memory. 


To reduce development probiems to amintmum ano provide maximum flexibility, three interchangeaole oin-compatible 
versions of this single component microcomouter exist: the 8748 witn user-orogrammandie and erasacle EPQOM orogram 
memory for prototype and preproduction systems, tne 8048 with factory-programmed mask ROM program memory for 
iow-cost nign volume production, and the 8035 without program memory for use with external program memories. 


This microprocessor is designed to be an efficient controller as weil as an arithmetic processor. The 8048 has extensive bit 
nandling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory resuits from 
an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 
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Figure 9 - INTEL 8748 SINGLE-CHIP MICROCOMPUTER (Reprinted 


DY PpetTtission of Intel Corporation copyright 1977) 
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Fo. PROGRAMMING LANGUAGES 


a. Machine Code 


Lie "GOupme aga dcx ins ils = De ceovrded wach 2 


series orf instructions which tne ari LOG GS HUn2e Ez 


ct 
Ha 
3 
(D 
ct 
= 
Q) 


to perform. The representation orf tna Drogram as 1t exist 
in executable form within tne program aenory is callad 
machine code. aR a CONDUTING Dachin=s aas 2a large 
instructicn repetoire, programming 1n tacnoine code is @ very 
cumbersome rrocess. This 1s because tha instructions 
PaeoUuMOe GS salad) HeEWOrazZatlon Of tas. AnStEtUeCesiGon Set Ls 
Seer e TCulLt. MOSt Microprocessors have instruction 

exceeding 70 operation codes. Of significance here, i et 
pact that ditferent computers, Minicomputercs, and 
Microprocessors sach have distinctly different instruction 
sets. Machine language programming is rarely utilized 
except during initial development or a system design. This 
is the mest rudimentary form of programming cn any computer, 
and although infrequently used, 17 1s usually well 
understood by persons engaged in low-level language 


programming. 


b. Assembly Languages 


The second most basic level of computer 
programming employs assembly languages. AS in machine 
language programming, the language itself is . usually 


ae 





processor dé¢pendent. The assembly language is essentially 
Similar to machine code, however, instead cf using actual 
machine interpretable numbers for input, the programmer uses 
mnemonics. Mnemonics are abreviated alphanumeric werds 
whicn serve as memory aids for prograa 

micrructecn level. Once the program iS written, it is 
processed by another program called an assembier, whic 
converts the mnegonic instructions into machine Gces. 


Assembly language, although stili considered a low-level 


programming language, is in very common usage. when a naw 
processor 1s INtLOGuecd, LOSt programaiag pike i ok 
accomplished in assembly language until belies level 
languages are adapted to the processor. This is primarily 
due to the relative ease of developing the assembler progran 
compared ee CONStTENCT LON of a nigher-iéevel language 
compiler. 
2. Medaum=beyel Languages 


The mé@dium-lLevel languages, sucn as PL/M and F 
offer the frogrammer additional programming devel 
facilities. Generally they are capaole of 
English-like statements and mathematical equa n 
Machine code program segments. This capability is usuall' 
limited to integer arithmetic operations such as a 
Subtract, multiply, and divide. frloating-fEcoint operations 
are not included within the language and ail operations are 
Byece On double byte Structured Gather than word or field 
oriented. Medium=level languages ate useful in 
Microprocesscr applications which require a more extensive 


EoOgean 2 whieh Gocumentation fale ey iS 1necOrtan:. 
prog g Mf S 
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SUipialte: group of CONS eS r> BOL Oe bans G Peon oie 

includes most of the well-known languages suca as FORTRAN, 
SOreus uP aoGAL, BASIC aid CMS=2, the Navy's standard tactical 
computer language. Languages within this category are 
capable of translating complex algebraic equations into 
executable machine code. This allows large orogramming 
tasks tO bé accomplished with less effcrt. Bevond this 
obvious advantage, the use of high-leval languages enables 
program transferability petween dirfrerent computer 


assuming that a compiler program exists for each computer ofr 
Prstines architecture. Usually, thea transtar of pregraas 
ea be, aCCOMPlIished With little or no mocirication . Of “cae 
Sriginat Programs Although the programming erocass becones 
much more efficient using a high-lavel language, the 
execution efficiasnacy of the compiler osroduced code is 


reduced over that of the low or medium-ievel languages. 
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eee Le CAL BEPEOYZD ATRERAFT SY STEMS 


Rhee een veclogL_Cal, Capacity Of Dinlacurizing 2) cotpucer 
momma siz and Weight compatible with cacztic¢cal jet airceract 
caused lmmediate application in Naval and Air For a n 
designs. EG ene. Navy"S/ A=72, Lor sexamole, 4a rel 


a 
smali (approximately two cubic feet) general curpose central 
Ss 


Somedeer CONLECLS Many Op the cockoit -vasual diselays, 
DOETOrNsS Navigational “Gomputacions, pericras baLtl€ts=ic 
calculations and effects automatic Weapcn release for 


several different types of guided and unguided weapons. Tha 


CG Ena 


ct 


tour Om-OOd bra "COMpPUuter 1S very similar ia function = 
of the A-7E in that it consists of oon2 central computer 
surrounded by Many. jamabog “or digital pevigheral devices. 
Figure 14 shews the A-7E avionics system in block diagran 


Ones 


The A~6E and A-72£ systems effected major advances in 
tactical aircraft weapon delivery accuracy and overail 
alrccraft mission performance. These aircraft demonstrated 
ZioteahyeEbtuGewtacelCalealicrarfe Muse be equipped with sone 


POreMeOt a digital Computing systen. 


Subseguent Naval aircraft, and the numb¢ér of computers 
incorporated in their avionics systems include: £-2 (3), S$=-3 
(5), and the F-14 (6). The number of conaputers on board 
each aircraft shown in parentheses does not include embeddad 


Microprocesscrs, that 1S, microprocessor devices used in 


S)S. 





and Glnliene, spt lolbuce Tel Tho eulg hous the 


peripheral équipment 
has a Separate computer 


PoECc Lar es The F-14, for exanpla, 


demecresdcO SaensOr theme rollowing ~Luncticns: tavyigation, 


combat systen, engine monitoring and control systen, 
displays control, wing sweep control, and weapon 


Gonteol. 
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Figure 11 - TYPICAL TACTICAL AIRCRAFT COMPUTERIZED AVIONICS 
SYSTEM (A-7E) 
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ERE Ye OL ANDARUIZATION OF TACTICAL COMPUTEaAS 


Hecoeune sGapidiy growing prolireration of coOMputing 
devices, it became apparent that controls must be placed on 
the variety cr computing machines utilized in Naval aircraft 
and other avionics systems. In order to minimize logistical 
and maintenance problems, the Navy planned for standard 
computers to be used in all of its tactical systems. This 
standardization plan provided for shipboard and shore-base2d 
faege scala  COmputers, he AN/UYK=/, Dinicoiputers, =zaé 


AN/UYK-20; as well as the standard AN/YAYK-14 for aulrnorne 


S7secons. 
in addtelone tO estandardizazion ere Se computing 
machines, the Navy also standardized its programming 


language named CMS-2. This nigh-level languag= family 1a 
its various forms, was intended to serv2 as a ccmmon 
language link between the AN/SUYK-7, AN/UYK-20 and tae 
AN/AYK-14. Due to hardware dicferences, among the Cacce. 
computer types, complete orogram transferability was never 
achieved. The CMS-2 compilers and cross-compilers convert 
CMS-2 Language programs into the machine language required 


by the intended computer. 


C. AN/SAYK-14 AIRBORNE TACTICAL COMPUTER 


The AN/AYK-14 is the Navy's designated airborne general 
purpose computer. It iS inplemented using bit-slice 
(descrited pélow) large scale integrated circuit technology, 
and was designed to be functionally equivalent to the 


physically larger ANyUYK-20 ninicomputer. Because the 


af, 





AN/AYK-14 uses the same operation codes as the AN/YUYK-20, 
program transfer pDetween the two computer types 1s usually 
possible. Thos feature Was one of tne majcr goals cf tae 


Standardizaticn program. 


The ~bit-slice architecturs 1S primarlly responsible for 
Phis designed-in capability in ¢+he cas2 of the AN/AYK-14. 
Using Advanced skiesrate Devices 2900 se Seuses © bie slice 
microprocessor enabled designers to construct a custcmized 
computer with user defined operation codes and performance. 
In short, tit-slice techniques allow tn2 user to derine ‘tne 
architecture obs the DEOCSSSOE: =HEOUCK = Var Lat rons (Or 
component interconnection and micro-pregramaing Goede. 
PLeuTe. la Shows Aa typieal bat=-slice osrocesscr consisting of 
S-veral ecmipatzole)single-chit cemponents. Expansion of the 
bit-slice system 1S accomplished by annéxing additional 
central processing 2lements (CPL), One Cor every two or four 
Sats. Rachie Gel LS Gaba blevOr Sxk2Guting caly a fen, basic 
lastructions including two's conplement arithmetic, bdccléeaa 
Sromations, . ShLtting = left “Or fright, ‘and pit and zero 


eheecking-° The Micropregram control Unit tTeeds the céentral 


processing elements With the desired sequence or 
Microinstructions derived from the aicroprogran memory. ia 
whees Way, the actual internal LUNnGeLONING.. “Oa ens 2c 


"customized" microprocessor is determined py ths designer. 
Thus, the microprocessor can be designed to respond tc most 


predetermined sets of instructions. 


PAG @ieh ech the Mayon advanvages of che bit-slice machine 
1s its expandability in terms or word length without 
Slgnificant loss of speed. Fach central processing element 
executes the same instruction sequence but cnly operates on 
a two or four bit slice of the computer word. The variable 
word iength can effectively increase throughput rate and 
thereby improve the overall computational power cf tne 


computing machine being designed. 
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intel 


3001 


MICROPROGRAM CONTROL UNIT 


The INTEL® 3001 Microprogram Con- 
tro! Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory. Its 
functions inciude the following: 


Maintenance of the microprogram 
address register. 


Selection of the next microinstruction 
based on the contents of the micro- 
program address register. 


Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 


Saving and testing of carry output data 
from the central processor (CP) array. 


Control of carry/shift input data to 
the CP array. 


Control of microprogram interrupts. 


COnNTaAOL TS 
MERDOMY 1/9 


High Performance — 85 ns Cycle 
Time 
TTL and OTL Compatible 


Fully Buffered Three-State and Open 
Collector Outputs 


Direct Addressing of Standard Bipolar 
PROM or ROM 


512 Microinstruction Addressability 


Advanced Organization 
9-Bit Microprogram Address Register 
and Bus 
4-Bit Program Latch 
Two Flag Registers 


Eleven Address Contro! Functions 
Three Jump and Test Latch 
Functions 
16-way Jump and Test Instruction 
Bus Function 


Eight Flag Control Functions 
Four Flag Input Functions 
Four Flag Output Functions 
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Figure 1. 8lock Diagram of a Typical System 
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The major disadvantage of such a system lies in tae 
additional jlevel of design which must be perrormed in oraer 
to obtain a workable computer. The consequence oF this is 
that e@ach developer must invest a great d2al in software 
development tools just to bring the precesscr to the usable 
level of oferaticn. Large effort must ce expended in 
developing operation codes, assembly language a 
assemblers, cross-assemblers, compilers and debugging 
cerograms berfcre any real application of the systen can 0oe 
realized. The AN/AYK-14 development has surodassecd this 
level and incsed, much has been invested in tne syst 


development frogran. 


In the previous section w2 exanined tne histeric 
development of computerized tactical avicnics systan 
Recent developmentS in microprocessor architecture, or 
distributed processing and ccncurrent processing tec 
have suggested aiternatives +o the conventional ce 
computer concept presently employed in tactical aircr 
systems. This section describes one generalized alternat 
design which can be easily expanded or dininished to suii 
the requirements of the particulac airframe or tactical 
Mission. This design concept will be used aS a comparison 


model in subsequent analyses and discussion. 
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da odie SoaEdseconm puter (35C) 


PEOnew tne oso hie le=cho yp Ven oumcesssor, several 
manutacturers, led cy Intel Gor VO meas ei and Texas 
Instruments, have oroduced singla-board ccnputers. These 
Sema yelcalily Gonstructed On a Single printed circuit. car 
generally less than 80 square inches in area and composed of 
several MSI and LSI components. Each single-board computer 


contains a central processing unit, random access Nemory, 


(b 
ie | 
t- o 
pb 
}— 


program memcry, parallel Do Wey OUT CU ZOmes, $ 
Pyomevoue ple pokts,. and, (a multiplexed bus intsriace ror 
common memory access and inter-board communication. The 
current trend in single-board computer d2sign is to reduce 
the number cf discrete components while incréasin tne 
amount of on-board memory and peripheral communication 
Capability. Figure 14 shows a typical singla-board computer 


and its associated block diagran. 


Very recently, several LSI manufacturers have 
macketed single-chip "computers", which imclement all cf the 
SBC features in a single integrated circuit package. 
Intel's 804383 series is such a family of devices. The Intsi 
8022 for example, contains 64 bytes of RAM, 2048 bytes of 
FROM, three parallel ovorts, and even an anaiog to digital 
conversion section. Poeweteond 819 ~tho awpdust ry “2s  <o 
continue packing more memory and speed into the single-chip 
TeV eos ee ee eee ated eau CONCULEEnt processing will 
soon be possible on a single printed circuit board py 


arranging several single-chip computers on a card. 
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intel 


SBC 80/20 SINGLE BOARD COMPUTER 


8080A CPU Full Multi-Master Bus control logic which allows 
uo to 16 masters to share system bus 


2K bytes static read/write memory 
Eight-level programmable interrupt control 


Sockets for 4K bytes of erasable reprogrammable 


or masked Read-Only-Memory Two programmabie 16-bit BCD and binary timers 


48 programmable parallel !/O lines with sockets for Auxiliary power bus, memory protect, and Power- 
interchangeable line drivers and line terminators Fail Interrupt control logic provided for battery 
back-up RAM requirements 


Programmable synchronous/asynchronous RS232C 


compatible serial interface with fully software- Comoatible with optional memory and |/O expan: 

selectable beud rate generation sion boards 

The S8C 80/20 1s a member of Intei's complete line of OEM comouter systems which take full aovantage or Intel's LSI :ecn- 
acomplete 


nology to provide economical, self-contained computer based solutions tor OEM 3oplications. The SBC 30/20 is 
computer system on a single 6.75 X 12-inch orinted circuit card. The CPU, system clock, read/write memory, nonvolatile 
read-only-memory, !/O ports and drivers, serial communications interface, driortty nterrupt 'oqic, two orogrammaple timers, 
Multt-master bus control logic, and bus expansion drivers all reside on the board. 

Intel’s powerful 8-bit n-channel MOS 8080A CPU, fabricated on a single LSI cnip. is the central processor for the S8C 
80/20. The 8080A contains six 8-bit general-purpose registers and an accumulator Tne six jeneral-purodose reqisters may be 
addressed individually or in pairs, providing doth singie and double precision coerators. Minimum ‘nstruction execution time 
is 1.86 usec. 

The 8080A has a 16-bit program counter which allows direct addressing of up to 65,536 bytes of memory. An external stack, 
located within any porton of read/write Memory, may Se used 43s a last-in/‘irst-out storage are3 for ine contents of the 
orogram counter, flags, accumulator, and aif of the six general-ouroose registers. A 16-bit stack Gointer controis the address- 
ing of this external stack. This stack Provides subroutine nesting that 1s Dounded only by Memory size. 
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Dee eee CHeuEEont Processing 


Concurrent processing is siaply the techa 


PueLing MObre than one processor or CPU tO wWOrK at ode 


- 


1 


if 
a job normally don2 oy one computer. There are saver 
in which this may te accomolished depending O 
interconnection structure of the processors aL 
depicts three possible arrangements of seaveral pre 


Configured for concurrent processing. 


The processing power of such 4 system der 
moGindathey — cL ssGenmtral Drecessing UnitS.. Eacn OF 
unit performs a function independent of tha othe 
SOnuunicadtes With Others, €lther directly cz t 
Otea COMNCH Memory Dlock, By Sshebing tae <con 
the throughput or the overall speed of the sy 
Cn the numbér of processing e¢lement 
information transfer rate on the syste 


bus usage factor. 


An ail important aspect of a concurrent 
processing system is the degree of homcgenisty achieved by 
uSing common building blocks in its implementation. This 
homogeniety of components can eifect supstantial reductions 
Mitte s Llire-cyele Cost... Of sd COMpucing systén. The cost 
reduction factors are discussed in further detail in the 
forthcoming sections of this thesis. 


¢ 


AS a nodel for further discussicn, we will refer 
to the generalized avionics processing syst¢a shown in Fig. 
16. The structure shown provides for s¢éveral affinit 
groups of concurrent processors, possibly distributed 
physically throughout the aircraft, each ccmmunicating to 


the other via high-speed fiber optic cable. Within each 
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affinity grcup, there are several single-btcard computers 
each performing a specialized function. For example, SBC 
number 1 may perform the navigation computations by taking 
data from the inertial navigation gyros and accelerometers 
MidmecsstigeineGamathopw to se disoleyed —~cn the pilice's 
head-up-display (HUD) unit to the common memory "mail box". 
Plemiuno on teewnieh COMErOlS the cOcC<pit disrlays Dicks . up 
the data depesited by S5C number 2 and sends the approgfriate 
control signals to the video displays in the cockpit. 
Likewise, the weapons delivery computer can access the same 
data deposited by number 2 and Deriorm pa re el i) a eo a 


eaeulatwons and autouazically @on<crol, peombd deliver7. 
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— eee oe oe 
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fe PROBLES alareagnt 


One wn Th] Major Geals Of “the Navy's tactical cGowoutesr 
standardization program iscussed in the orevio 

was to reduce costs through eiliminaticn Of ofa 
SOmpucterS ip tactical computer iappiicaticns and to 
common support software procurement for these amachi 
Indeed, the basic concept is sound, however, a najor fl 
eKuStS If fhe Vnplenentation Of. the plan. That 15s, the plan 
does not provid2 adequately for technological growth ona 


seqile Cxperienced during the “LSI pevolution, " 


New LSI devices are being developed at an alarming rate, 
each with gore capabilities than Eoeid se predecesscrs. 
Crecuglts are literally obSolete within one cr two years oF 
Pee tal | PEOduct lon. Similarly, advances in programming 
techniques are taking place but at a much slower rate. 
Program maintenance and development is certain to ceécome 
more important as time progresses. A third related area of 
progress has been in the architecture cf the overall 
ecomoutr ng machine. Fdvahicesenedatamous StIUcCtines, Liver 
Opec: communications, distor odm processing,  COneCurrent 
processing, and array processing have cpened new horizcns in 
the data processing field. The development of these and 
other devices or technigues have changed circumstances so 
dramatically, that the AN/AYK-14 standardization plan may 
not be long-lived. Palco mare aUenon S CEinion that the 


newly achievable architectures will be incorporated in the 
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femereGoletaeton ot tactical military aircraft. 


It is thé purpose of the remainder of this thesis, 
therefore, tO 2xamine the various alternatives 

wreerablen Oy msl Steeamologicail ‘advances, and -selat¢ “Lae 
cost, performance and growth oenerfits of each with these of 


the present Navy standardization plan. 


The Goncurncen = processing computer design ccncept 
presented in the previcus section as an alternative tc the 
centralized computer, must be considered aS a prime 
Sandidate ECE IncOrporaczon in the next generaticn of 
tactical military aircraft. In this section, we will 
explore some of th2 major cost/performance tradeofts betwesn 
tne concurrent processing and th2 centralized computer 
design concepts. Before beginning this discussion, however, 
ie must again pe enphasized that the Sond oe 
MeeEGeheeCctronics 1S Still gGrcwilng at an accelerating raza. 
Any long-range planning effort must take this [act into 
account. Lt 2S Giite crodable Theat within the next. decade, 
an altogether new alternative to either the centralized or 
concurrent processing techniques will emerge. Another 
abn evo jengie,sa\ac TAG tio is the ever increasing impact of 


programming. Programming costs are continuing to beccme a 


larger propcrtion of the overall system cost. 


We will begin by identifying some cr the cost and 
performance factors associated with the two alternative 
models. It is hoped that the following discussion will aid 
in the decision making for those involved in the long-range 
planning efftcrt ror future avionics systems acquisition 


programs. 
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Pee SAHOO LGGyY 


Recent studies by Genovese [4], and Kodres, Buttinger, 
Hamming and Jones [2] nave concluded BeOugn (coc. 2nd 
performance analyses, ehae a aomogeneous 
microprocesscr-based concurrent processing system could be 
up to twice as cost-effective as a central minicomgeuter. 
The methodology used herein will be to present a narrative 
rationale which contributes to the Sib ege(e)saad of the 
alternative concurrent procesSing avionics system. We will 
look at the broad categories of acquisition and gaintéenance 
cost considerations of both hardware and sctitware. In the 
final chapter, we will draw appropriate ccnclusions and 
present possible courses cf& action to ce considered as 
Viable in tn2 procurement processes of future avionics 


computer systems. 


We will werk under the assumption tnat the single-board 
computer modules used in our alternative model would achieve 
Navy-wide standardization status with herpes of DCD or 
possibly even industrial standardization. In any cas¢, tne 
components used in the single-board computer modules would 
be commercially available, DG PE OdUeL LOL, POs Cost 
components. It 1S important to note, that since gach sodule 
would be capable of functioning as an independent device, it 
commld@-=1 Od anu even wider application than that of avionics 
systems. Some systems may require ten cr more identical 
modules while others may only require one or two, depending 
on the complexity of the function. This would result ina 
much higher production base than the pursuit of the 
specialized central computér alternative. This predcicted 
higher prcduction base will be the over-riding argument in 


favor of the concurrent processing alternative in tm 
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forthcoming discussion. 


eeoeianeuwan’ COST FACTCRS 


1. Hardware Acguisitig 


cd 
—_ [———— — 


The research and development paase Of the 
acquisiticn process of an airborne computer systen will be 
ShoMlLeLecanaty aifacted by cholce Of computer architectures. 
In the case or the AN/AYK-14, this phase is mostly history, 
whereas fcr the concurrent processing model, we can ocnly 
eStimate the effects of its ilgplementaticn on Drocurement 


costs. 


The Navy's AN/AYK-14 Standard, although 
INCOEPOLatiag ~ the latest and fastest iu Dit=siice 
Microprocessors, iS unigue in that the design was forced to 
accomodate the AN/AYK-20 instruction set and software. Le 
therefore became a "Navy" computer with production estimated 
at most to be approximately 6500 units [3]. This estimation 
assumes that the AN/AYK-14 will definitely be installed in 
the F-18, LAMPS, MKIILI, IEWS, and numerous other airborne 
applications. A more conservative astimate, allowing for 
program discontinuances and project funding cutbacks would 
place the figure at about 3000 units. A committment has 
been made to the AN/AYK-14 program and time will reveal the 
actual cost Ser GOomputer. Present estimates place the 
acquisition costs alone at over $50,000 per copy. [2]. The 
production base for the present Navy progtam wiil be solely 
determined by the procurement action of the Department of 


Derense. 


It stands to reason, however, when dealing with 
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devices which are commonly used throughout industry, the 
8080 microprocessor for example, tne unknowns in a system's 
development are significantly reduced. The risk of failing 
to meet design objectives are substantially lessened. BY 
working with a smaller, less coaplex aodule, the davelcpmenz 
of the: singl¢-board computer itselt would be a conparatively 
minor task. Most of the expense in develcding a working 
sSingle-board computer 1S in the design and development of 
the LSI components themselves. These costs, however, are 
Shared oy industrial users and again become insignificant 
for large frroduction items. The hardware research and 
development costs to be considered, then, are in the d2sign 
and development of the various syst2ms formed frem tne 
Single-board computer modules. This includ2s interface to 
the many peripheral systems attached to the computer. Tue 
engineering task of developing a working concurrent 
processing system 1s currently being performed by tne 
private industrial sector out of commarcial intsarest in tha 
technique. The single-board computer aodule capacle or 
performing concurrent processing has been on tne narket for 
even OMe | Yedi'.a2S Of “Ehis “writing. Intel Corporation's 
S8C-80/20 computer can operate in a systam ccntaining up to 
16 individual Master computers sharing the same bus 


structure and a common memory. 


Matar Zing the har dwar 2 clearly becomes an 
important cost issue. Militarized versions of many LSI 
components are now becoming availabie from the larger 
manufacturers such as Intel and Texas Instruments. The 
manufacturers are correctly anticipating greater usage or 
microprocesscrs, LSI memories and fperipheral interface 
components in military applications. Industrial users, 
Mamely the automobile industry, have need for miltary 
hardened components in harsh environment applications. 
Conformance to Mil standard 833 1s becoming common flace 


among LSI suppliers. Of course, a premium price -is placed 





on militarized, JAN approved devices, but, as usage 
increases, methods of improving yield will surely reduce the 
added costs. 

Tha point should be clear oy now. if tne Navy were 
to implement a computer system which utilized the industrial 
standard components, the research and develooment costs 
would be for the most part borne by th2 entire industrial 
complex. The cost savings to th@ government would be 
Substantial as expressed in Rers. 2 and 4. 


: = 
[heesane Pedsonang nolds true Lor other cost reactors 


associated with acquisition. DHese ,Inelude> “fabri cat2on, 
test equioment, development and croductzon planning, 
technical manuals, training materials, initial training 


courses, and others. 


Maintaining a deployed avionics system is a ccarlex 
activity and entails the upxeep and support cf nearly every 
alectronic device in an aircrart. Wa could consider tne 
SUDDOEE Of instrumentation, var1ous Sensors, radar, 
communications, and inertial navigation subsysters in 
addition to numerous other subsystems in treating tne 
Maintenance costs of the total avionics system. For the 
purposes of this thesis, however, we will put aside the 
guestion of total Support and concentrate only on those 
aspects arfected by the choice of ccmputer syst2n 


agpehltecture . 


As in the acguisition cost factor iscussion, the 
cost of EBailntaining the hardware or a composite 
microprocesscr-based computer system is greatly influenced 


by the use of industry supported components. Since acdules 





taomaelatively @simple nm Construction, varying only in 
program content, trouble shooting is simplified on an 
organizational level by using replacement ztechniguées. 
Intermediate maintenance facilities would maintain mcdule 
test equipment which cculd accomodate all variations of tne 
basic module by running diagnostic programs to veriry 
GOrLect Operation of components cn tne poard. Should sinpl 

automated testing of a module fail tc idantify the 
malfunctioning component, or if damage ware extensive, ta 


Belatively “stall “cost of Sach module would justity discard 


and replacment from spare parts. Tats; Concspt avoids 
high-level training requirements for pothn organizational and 
intermediate level Maintenance aeCei vi ty perscnnel. 
Similarly, the test equipment required at ¢ithar lavei is 


Dina tized. 


Another important aspect of naintainablility is the 
mode of tailure which may Ee axpectad fre S22 Or) ene 
modular systen. Since the system with acdules removed is 
SGe-elealy simple an. construction, ~ consisting. nostiy of 
mounting hardware and power supply components, nearly all 
failures can be expected to cccur within a nodule. Failure 
or a single module would not have a great effect cn the 
overall perfcrmance of the missicn computer. Thus, gracefui 
degradation is clearly acccmplished without special design 
effort. Shculd a particular module be responsible for a 
Caemecas HURGEION, It alone could be duplicated within the 
system. This selective redundancy is easily more desirable 
than duplicating the entire mission computer as raquired 
With the cantral computer concept. aA case in point is the 
F-18 which makes use of two AN/AYK-14 computers to retain 


Mission reliability at an acceptable level. 
Reliability testing of the Intel SBC-80/10 


Single-board computer has resulted in a mean time between 


failure of 91,739 hours with a 90% confidence factor. The 
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tests were cenducted under accelerated life conditions cn a 
commercial (non- militarized) version OL the board. 
Reference 2 derated this figure to 25,000 hours MTBF to 
allow for a 55°C operating temperature. This results ina 
10 year Lite expectancy when th2 equipment 15 conatinuousily 
evcetated at 25°C. 


eee SOt LWARE VCOST =rACTCRS 


The software of a system follows a procurement process 
which in many ways is similar to tnat for the hardware. 
Tnat is, there are both acquisition and mainténance costs to 
be considered. AS with the hardware costs, software ccsts 
are closely related to the production pase cf tne naarcware. 
The costs oi soitware procurement and maintenance are also a 
function of toe breadth of use of the software develcsment 
tools. In this section we discuss somé or the nore 
important asrects of software acquisition and maintenance as 


related to the choice of computer hardware architectures. 


The effort and expense invested in the software 
acquisition phase of a computer svstem are in many respects 
Similar to the acquisition of hardware. The importance of 
proper software planning has been typically underestimated 
DY hardware oriented systems planners. This 1S in part due 
to the relative newness of programmed logic concepts. AS 


discussed in Chapter II, the intelligence of a "smart" 


Circuit exists within the program memory. THE spaeio:. OF 
software iG hardware cost is growing constantly as 
Microcircuit devices become more common. While hardware 


costs drop due to ever-impreving production techniques, the 
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cost ot producing software ccntinues to be a human intensive 
aGma Vat Ys Thus, equivalent cost reductions have not been 
attainable in this area. Much of th2 expense of software 
development is comprised of build-up costs of the vrogran 
development tools sucn as ass¢enol 

cross-compilers, 2mulators, and documentation oz such tocls. 
Another majcr cost factor is aa the education Or 
programmers, operators and maintenance perscnn2l in the use 


of various languages and other davelopment tcols. 


BY sadapting “tO industrial standards of softwere 
development, a savings similar to that orf utilizing industry 
standard hardware could be realized. At present, the Navy 
is trying tc enforce the use or cCMS-2 as a standard 
nmigh-level programming language. Consequently, the Navy is 
the only agency using the language. Sducation, 
documentation, and development costs aust all be Lorne py 
the Navy at great expense. pain micrerrocessor-based 
computers have experienced broad usage te an 2xtent that 
Many common high-level languages havea been independently 
adapted by the private sector for their use. Industry has 
recognized the need for high-level programability of the 
Microcomputer devices in increasing the productivity cf the 
human element in software development. Due to the large 
Number of users, the cost of development cf the programming 
tools is widely distributed. AS a consequence, a very 
CapaviemerORIRAN LV, eGOSOL, ~PASCAL,. PL/U, APL OF EASIC 
compiler can be typically purchased for less that $2,000. 
This makes the investment of several million dollars in 
development Or the CMS-2 ianguage standard seem rather 


wasteful. 


Development tools are not the only factor affecting 
acquisition costs nowever, the importance of shifting to an 
industry standard language becomes more proncunced when we 


consider the impact of rapidiy changing hardware. 
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A major motive behind enforcing a high-level 
language is to promote software transrerapility from nachine 
to machine. The idea is that as hardware cnanges, we shculd 
be able to retain some of the prograaming erfort airéady 
invested. It must be recognized, A2owaver, that only a 
fenelon OL any program can be practically transiterred to a 
Gompucet: Of Eadically diftrerent architecture. This 
of course, that programs themselves are acdula 
that some routines are hardware independent. An example 
would be high-level mathematical functions such as 
tloating-point routines or various transcendental functions 
Such as Sipe, Cosine or logarithms. Entire operational 
PejyeeLons Such as Ballistic” calctilation routines ‘“<culd 
possibly pe transferred from one genéeraticn of naachine to 
another, asSuming input parameters did not vary during tae 
EpansLti on. Other routines bécome hardware dependent and 
would not be usable in most cas2s unless a high degree of 
Stantar di zarlone "= <isted 41n COMMUnication crerocol.~ This is 


an unlixely happenstance. 


Of course, these concepts are equally applicarle to 
the centralized computer alternative, but, it is the 
author's Opinion that the use of industrial standard 
software development languages would prove more beneficial 


1f industial standard hardware were also adopted. 


* 


It is somewhat difficult to divorce the maintenance 
aspects of scftware from the acquisition precess. Much of 
the argument presented in favor of the modular computer 
alternative in the previous section helds true LOE 
Baintenance. Very little software maintenance is typically 
conducted at the depot, intermediate or organizational 


level. Program upkeep would be, as in the case of-the A-7E 
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SEO LNGm tacedJecal alrcrarzrte, effected at one of the Naval 
laboratories, such as Naval Weapons Center, China Lake, 
SoelrGEnia. "PGEOGram Modifications ane distributed, after 
extensive avalwateon, tO the tactical squadrons on a 
fleet-wide casis. Organizational maintenance perscnnel 
incorporate the changes under Supervision of a revision tean 
PaO e ne "COGUEzZan. SUprOEt facility, This is -accomplisoed, 
in the casé or ccre memory systems by "reading in" the new 
program from magnetic or paper tape. In the case of 
Single-board computer systems, this functicn would involve 
"burning" new program memory FROMS and installing then in 
place or the outdated PROMS which could then be recycled. 
Oiewmerbece “Of  ehe .2ecular ccncept is that Deeg lan 
modifications can be? implemented in o 
affecting the integrity or the other modul 


S in the systen. 


ne module without 
> 
Certain program alterations may require Phe. bie ea 
replacement of only one or two PROMS on a Single-board 
computer. Management of field changes te the software would 
be more difficult in this case since extra care must 0.De 
exercised tc prevent mixing old PROM versions with the new 


CHes. 
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ve. CONCTLUSLON 


ee ee ee ee eee oe 


The foregoing discussion presents an argument in favor 
of moving away from high-cost centralized airborne tactical 
computers toward inccrporating a moderate cost modularized 
concurrent processing architecture using low-cost industrial 
standard compenents or modules. Rererences 2 and 4 indicate 
that such a tove 1S economically sound. in” the> -prosleon 
Statement or Chapter IV, we implied that the oresent 
avionics procurement program, in pursuing the centralized 
computer alternative, does not adequately provide for a 
technological growth of tne magnitud2 currently being 
experienced in the semiconductor industry. The consensus of 
Opinion within the Navy places a large iaecrtance on the 


Sunk costs invested in the CMS-2 language and tactical 


computer standardizaticn program. Rererence Zz recommends a 
departure from the present acquisition flan. It is the 
autnor Ss “opinion that an Opportunity exists Ore the 


government to benefit from current industrial activities in 
this area, rather than the traditional Situation in which 
industry oenefits from government spcnsored research and 
development programs. It is Feliev2d that gilitary tactical 
avionics programs can remain state-of-the-art while 
capitalizing on the natural industrial collective tendency 
to minimize internal costs while advancing the technolcgical 
base through competiticn for the consumer market. As new 
devices hbeccme available, the industry will inevitably 
devise the appropriate software development tools, 
documentation and training programs, usually on a timely 
paSis. There seem to be few economical arguments against 
the government becoming simply another consumer where 


computing @gquipment 1S concerned. It has already teen 
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pointed out that an inexpensive microcomputer can perform 


the same function as itS expensive minicomputer counterpart. 


The idea that military avionics should ce allowed +o lag 
behind the industry may, at first, seen inconsistarnt: with 
current concepts. Considering the rate of change in tae 
Microelectronics technology, and the fact that government 
sponsored research and development projects are usually no 
longer state-of-the-art by the time of EW Scale 
production, this may not be such an unreascnabdle profosal. 
It is believed that the government represents a large enough 
portion of the consumer market to effectively influence tae 
direction which LSI manufacturers will pursue in develoring 


néw and, hopefully, compatible devices. 


In summary, then, the following recommendations are 
presented as methods or taking advantage of current and 


projected trénds in microelectronic developments: 


1. The Navy or joint services should form a oroject cifice 
to furtner evaluate the conseguences and possible 
benefits OFF ANGOLPOLating a ~COnCcCUrESent “processing 
computer system utilizing industry standard compcnents 


Hivethe Next Generdtiony Of tactical alccrart. 


Woe eo Navy should strongly consider phasing out the Cus-—2 
language in favor of languages amore widely supported py 
Ener cOMPUter Manutacturers: PASCAL, BASIC, FORTRAN. 


3. As the computer and Mic roe lectronue ElEc pic 
Manufacturers develop new technigues and devices, Navy 
avionics program managers should evaluate the 
advancements for possible incorporation into tactical 
aircraft under deSign. Avionics acquiSition programs 
Should maintain a consumer posture when considering 


computer systems. 


4. Programming should be in high-levei languages, when 


a, 





possible, to permit carry over of programs to the next 


generation of computers. 


Programs should be modularized 2 LO hardware 
indépandcent and hardware dependant fartitions where 


possible to facilitate software transferability. 


Standardized communications DEOTOCOIS shouleé dE 
developed for poth serial and parallel bus structures 
so that succeeding generations of ccecnmputer acdules 
would tend to evolve along set guidelines. Tfnis would 
have a stabilizing effect on both hardware and software 
compatability, thus, increasing system life and 


reducing transiticn costs. 
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